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(Chapter 5 ). The effects of interradical hydrogen bonding (direct or mediated by water molecu-
les) on the intermediates and spin dynamics in the reactions of BPY were investigated by the 
MFE on the yield and kinetics of various transients (Chapter 6 ). 
In Chapter I , a general introduction that qualitatively covers spin mechanistic aspects of 
radical reactions is given. In chapter 2 a general introduction for the theoretical aspects of the 
MFES on radical reactions and high field CIDNP that includes an outline for the radical pair 
theory and the qualitative picture illustrating the mechanism of radical pair singlet triplet 
mixing processes (the vector modeD. The quantum-mechanical approach to describe the singlet-
triplet radical pair evolution is sirnply illustrated. On the basis of a simple model, the Kaptein's 
rules for the CIDNP sign are deduced. The effect of the exchange interaction on the singlet-tri-
plet transitions in high fields that is essential for the discussion of the chemical systems of 
Chapter 4 is introduced. MFES on radical pair dynamics are discussed in terms of a semiclassi-
cal singlet-triplet transition model (section 2.6). The relation of this theoretical introduction to 
our present work is therein mentioned. 
Chapter 3 treats the experimental setup used in the CIDNP experiments and the NMR pulse 
sequence used. The details concerning the materials are outlined. Systems acquiring the tran-
sient absorption and the MFES are introduced. Methods of simulations, data fitting and analy-
ses are discussed. 
In the first section of chapter 4 , a compact introduction to the present investigation and the 
motives stimulated us to perform it is given. The next two sections deal separately with the re-
actions of MQCN with ethyl alcohol or DPA. A plausible reaction mechanism is proposed to 
account for our observations. Section 4.3 discusses the computer simulation carried out to re-
produce some of our spectral experimental observations and show that our proposed mecha-
nism is in tune with the theoretical predictions. Section 4.4 is devoted to the problem of chiral 
symmetry breaking claimed by Hata and observed in the reaction of MQCN with the two enanti 
omers of the 2-phenyl propionic acid. 
In Chapter 5 , the photochemistry of the reactions of BPY with alcohols and amines is re-
viewed. Addition of small amount of water caused essential modifications for' the intermediate 
dynamics in the reaction of BPY with triethylamine (TEA). Section 5.2 is devoted to discuss the 
effect of water on the photoreaction of BPY with TEA. 
Chapter 6 deals mainly with the results of the MFE on the BPY with TEA reaction interme-
diates and products. Also the effect of interradical hydrogen bonding as mediated by water 
molecules on the spin dynamics is discussed. New reaction scheme of the reactions of BPY with 
TEA or DABCO is deduced in the light of the experimental results. The role of the relaxation 
mechanism is also discussed. 
Finally, in chapter 7 the general concluding remarks obtained in this work are recapitu-
lated. 
For the case of the photochemical reactions of MQCN with ethyl alcohol, DPA or the t,wo 
enantiomers of 2-phenylpropionic acid, the following conclusions are outlined: 
1 . Concerning the mechanisms of the studied reactions, plausible mechanisms and reaction 
schemes were outlined. Some of the proposed reaction steps were very new; for instance, a 
back hydrogen transfer reaction was found to be ver'y important in all of the studied systems. 
This back hydrogen transfer reaction is suggested to start by an initial hydrogen bonding 
interaction between the S* excited state of the MQCN malecule and the alcoholic or the 
carboxylic proton. From this complex proton- or hydrogen-atom-transfer processes occur to 
yield an ion-pair, in the case of acids, ar a radica]-pair, in the case of alcohols, respectively. 
In the reaction with an alcohol the radical pair collapse with two different recombination proc-
esses, either a back hydrogen transfer to yield the parent MQCN or a radical recombination 
to yield the substitution product. In case of the reaction with acids, the IP was found to undergo 
electron-transfer to yield the RP which in turn, either loses C02 to give a new RP responsible 
for the formation of the Linal substitution product, or undergo a back hydrogen transfer 
reaction to yield the parent MQCN. 
2 . The spatial confinement or restriction of the hydrogen-bonded RPs was concluded to induce 
very interesting spin dynamics through the exchange interaction effect on the singlet-triplet 
mixing channel in the RP. That is, our experimerital results suggest that the CIDNP arises due 
to a positive exchange integral and S-T+ mixing in the hydrogen bonded RPs. This is a first-
time high field CIDNP in solution data that is expl~Lined in terms of the LC-mechanism 
(excluding the case of biradicals). 
3 . Concerning the problem of chemical behavior discrimination between the enantiomers of 2 -
phenylpropionic acid or the chiral symmetry breaking claimed by Hata. Our experimental 
results show that both forms exhibit the same qualitative CIDNP that confirms that both of 
them react with MQCN through a radical mechanism. 
For the case of the photoreactions of BPY with DABCO or TEA, we may briefly express 
our main concluding remarks in the following points: 
1 ) Flash photolysis experiments with various concentrations of water provided novel informa-
tion and helped to solve some of the peculiarities reported by Buntinx et al. in the reaction of 
BPY with TEA. Namely, the intermediacy of an excited charge transfer complex is discovered 
for the first time. We consequently proposed new reaction scheme. 
2 ) Effect of water on the rate of electron transfer is followed through kinetic analysis of the 
triplet decay rate in the presence of various water concentrations. A general trend in the reac-
tions with TEA or DABCO implies that water facilitates the rate of electron transfer process 
until certain limit. Further addition of water retarded the electron transfer processes. 
3 ) Although the results of the flash photolysis experiments reflect only slight difference between 
the case of TEA and DABCO, i. e. , their different ability to produce the neutral radical upon 
the protonation of the radical anion. The MFE results however revealed the two reactions are 
essentially different. That is, whereas back electron transfer within the radical ion pair involv-
ing TEA occurs, the sign of the field effect in the case of DABCO indicated clearly that triplet 
reaction is not possible in this case. Indeed, this important information can not be estimated 
from the results of the transient absorption only. This result along with the valuable informa-
tion provided by the first-time reported FETA and TR-FETA spectra illustrate the power of 
the MFE technique as a promising method to explore photochemical aspects of reactions in-



























































4 ) Two striking features are observed for the MFE: 
a. An extremely large MFES ir~ the r~or~-viscous acetor~itrile solvent. 
Th.e MFE reparted in the present work is the largest ever observed field effect on a triplet 
RP in homogeneous non-viscous solvents. Such orders of magnitude of MFES are only reported 
in the cases of micellized RPs or biradicals. In the case of micellized RPs long lifetime of the 
RP, restricted escape and large encounter probability of the RP are the reasons for large 
MFEs. For the biradical system, the last two reasons seem responsible for large MFEs. In the 
present system, the interradical hydrogen bonding as mediated by water molecules was con-
cluded to optimize all conditions for large MFE to ensue. 
b. Sigmficar~tly large saturatior~ fields of about 0.2-0.5 T. 
Generally, Iarge saturation fields are observed for systems in which relaxation mechanism 
is operating through anisotropic terms. Because the relaxation mechanism requires longer 
times to operate (several tens of nanoseconds in the Lastest case), one should not expect to 
observe relaxation mechanism for a 'normal RP' in homogeneous solvents (several nanosec-
onds lifetimes). For the present case we have suggested that the role of interradical hydrogen 
bonding causes the operation of the relaxation mechanism. 
The results obtained in the present work provide a unique set of observations. In the sense 
that not only spectacularly large MFES in non-viscous homogeneous solutions are reported, 
but moreover, the relation between the observed effect and the concentration of water present 
in the solution is proved. These results provld,e a novel example that shows the possibility to 
control the yields and dynamics of some reactions especially those involving electron transfer 
processes. The impact of water on_ the radical and product yields reached values over 60~6. 
One therefore may suggest that these results may open the door for some synthetic applica-
tions. Also the role of w~Lter may be employed in the area of the magnetic isotope effect. 
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 論文審査の結果の要旨
 SamehSaadAユi提出の本論文は大きく分けて2っの部分よりなる。第一は,ある種の光化学反応にお
 いて2つの光学異性体がそれぞれ異なる反応経路を持つという衝撃的な論文の真偽を確かめたものである。
 第二は,光化学反応中間体としてのラジカル対における水素結合の役割について研究したものである。
 まず第一の光学異性体の問題について述べる。4-methyl-2-quinolinecarboni七rile(MQcN)と2-
 phenylpropionieacidとの光化学反応において,後者のRおよびS光学異性体が,磁場存在下で異なる
 反応経路をとるという報告がHataによってなされた。この研究を,CIDNPの立場から研究した結果,
 R体とS体との間で反応の差は全然なくHa七aの報告は間違いであることが明らかになった。
 第二の問題,すなわち,反応中間体としてのラジカル対における水素結合の役割について述べる。44-
 bipyridineと七rie七hylamineとの光化学反応において,非常にわずかな量の水の存在が,反応中間体の
 過渡吸収スペクトルについて非常に大きな磁場効果を示すことが明らかとなった。従来知られているよう
 な,過渡吸収強度がわずかに変化するという磁場効果はと本質的に異なる,過渡吸収スペクトル自体の波
 長分布が60%の強度変化を伴って大きく変化するという,全く新しい型の磁場効果を見出した。この特異
 な磁場効果を種々の立場から検討した結果,反応中間体ラジカル対における水分子を介した水素結合体が
 重要な役割をもっていることが明らかとなった。
 以上の論文は著者が自立して研究活動を行うに必要な高度の研究能力と学識を有することを示している。
 よってSamehSaadAli提出の論文は,博士(理学)の学位論文として合格と認める。
 一276一
